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INTRODUCTION
Considerable interest has been centered in recent
years on the problem of the inelastic behavior of biaxially
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loaded members both in the UoS. and Canada, as well as in
Europe. Several investigations are underway at present under
the guidance of the Column Research Council Task Group No.3,
"Ultimate Strength of Columns with Biaxial1y Eccentric Load-
ing". This brief report has been prepared:
(1) to draw the attention of the eRe inves~igators to
recently performed experimental and analytical
work reported in Germany and Russia,
(2) to present in tabular form the principal test data
and test results so that comparisons with analyti-
cal results can be made, and
(3) to compare the CRe biaxial interaction equation
with the test results in order to gain a measure
of the reliability of this formula.
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REVIEW OF TWO FOREIGN" INVESTIGATIONS
The following two reports deal with the ultimate
strength of biaxially loaded steel beam-columns:
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(1) Ko ttKloppel o, Eo Winkelmann
"Experimentelle und Theoretische Untersuchungen
Uber die Traglast von Zweiachsig Aussermittig
Gedrllcl<.ten Stahlst-aben" 0
("Experimental and TrLeoretical Investigations on
the Ultimate Strength of Biaxially Compressed
Steel Columnstf)o
Der Stahlban, February, March, April, 1962,
Volo 31 0
This report contains the results of 74 tests on
rolled steel wide-flange columns and 17 tests on rolled steel
channel columns o These columns were tested to failure with
an eccentrically placed axial load. The eccentricities were
equal at each end 0 The end conditions were such that the
members were essentially pinned against rotation, and warping
was restrained by heavy end plates o
In addition~ the report contains an analysis of the
test results in the light of current German buckling specifi-
cations, a development of a semi~empirical design formula, and
an analytical load~deformation analysisQ
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(2) Go M o Chubkin (or Chewekin)
"Experimental Research on the Stability of Thin
Plate Steel Members with Biaxial Eccentricity".
Paper Noo 6 in the book I1Analysis of Spatial
Structures" ~
Vol. 5, Moscow, 1959 (GoI.L.S.)
This paper is essentially a test report on 281 steel
members tested with various types of eccentricity (axial, un-
axial, biaxial) and end conditions (warping restrained and
warping free) 0 The report contains mainly a t~bulation of
the test conditions and the results» although a brief discussion
of an empirical formula is included~
TEST RESULTS
The test results are tabulated in Tables 1 to 4 of
this repott o Table 1 contains the results of tests on
16cm x 16cm wide=flange shapes~ The first tabulation shows
tests on the complete section 9 and the subsequent tabulations
are for the same section with strips shaved off the flange
tips to provide a successively more slender section 0 The
strong axis slenderness ratio was maintained at 34 for these
tests, and the weak axis slenderness ratio varied from 57 to
114. The tests in Table 2 were performed on lOem x lOcm wide-
flange shapes and variation in the weak axis slenderness ratio
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was again achieved by sectioning slices from the flange tips.
Table 3 lists the Russian tests which were performed
" ,
on I-type rolled sections. The weak axis slenderness ratios
for these tests were 50, 100, and 150, respectively. Results
of tests on 120m x 12cm welded built-up H-shapes are shown in
Table 4. Loading on some of these tests was accomplished by
an arrangement which permitted- the warping of the end section.
All other test specimens were loaded through heavy end plates,
and thus warping was restrained.
, The following data are tabulated in Tables 1 to 4:
(1) Cro.1 sectional properties (for the explanation of
the .ymbols, see Fig. 1),
(2) The average y1eld stress of the mater1al, cry (ave.)
(3) The Itrona and weak ax11 111endernlll fatlol ~n the
oale of the Q.~man teete, and the weak axil 11end.~·
nlll fatlol for the aUlstan tiICI.
(4) The Iccontrlc1tile (Ie. F1S. 1 and 2) .nd/o~ tho
eccentr1c1ty rat1os, mx w :=:2 and my w ~a •
287.4 -5-
(5) The non-dimensional experimental ultimate load.
(6) The ultimate load computed by the eRe biaxial
interaction equation.
(7) A ratio of the experimental ultimate loaq to the
ultimate load computed by the eRe Formula.
COMPARISON WITH THE eRe INTERACTION EQUATION
_____.-.........- - ......_~~..,.-><"O"'.__~,. ...,...".".~,.._--.-:--....,..."....,-........ ""', ......... •
The following interpretation of the interaction equa-
tion has been used in the comparisons of Tables 1 to 4:
eRC Interaction Equation (EqU.@, CRC Guide)
P t Pe.'I, + pQ.j -= 1.0
~ s'x a; (1- f/~)() SJOJ (1- ~ ) (1)
v D ~
Ii
where
0: (, Lr:'~ )~Po£ - I00 !1 ' (1'1 )IP ~. - 4 rr2.t= CRC Basic Co umn Formu a
J '
PJ ~ A f5
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Equ. 1 can be written as:
'{Pa~Pj f =:-_.+ :; }~/IO
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(2)
eccentricity ratios
amplification factors
If L/rx ' L/ry, ex, Q.y' d, h, r x ' r y , E,o-y are
given, Equ. 2 can be solved for P. This 'results in a cubic
equation for P. For simplicity ax = 1.0, ~ = 1.0 has been
used. Then P/Py can be explicitly solved as:
/,0
In the comparison the value of P was qomputed from
(3)
Equ. 3. This equation contains the following unconservative
assumptions:
(1) The amplification factor is assumed to equal 1.0.
287.4
(2) No reduction for lateral buckling is allowed for
the component of the formula dealing with bend-
ing about the strong axis.
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The following conclusions may be drawn from the
comparison between the eRe interaction equation and the test
results:
(1) In the case of axial loading (rnx = my = 0) and uni-
axial bending (mx or my equal zero) the correlation
is quite reasonable.
(2) The simplified eRC biaxial interaction ~ormula (that is:
no account is taken of the amplification factor)
and lateral buckling)is seen to be conservative in
almost all cases over the wide range of conditions
covered by these tests.
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TABLE 1
TABULATION OF TESTS BY I{LOPPEL AND WINI<ELMANN
Section: IP16/16/0 L/rx : 34.4 cry (ave,): 2.68 t/cm2b: 16cm L/rA~ 57d: 16cm 58.4cm2
t: 1.15cm Ix: 2678cm4
w: O.Bcm I y : lO25cm4
Test ex ey rnx my P ~ . P. test
No.
em. em.
Py (forJa. 3) Pfarmu1a(test)
1 14.1 5.15. 2.46 2.35 0.229 0.168 1,'36
2 7.06 2.57 1.23 1.17 0.391' 0.284 1 0 38
3 21.15 7.72 3.69 J.52 0.163 0.120 1.36
4 7.06 5.15 1.23 2.35 0.259 0-.213 1.22
5 7.06 7.72 1.23 3.52 0.227 0.170 1.33
6 14.1 7.72 2.46 3.52 0.170 0.141 1.21
7 14.1 2.57 2.46 1.17 0.256 0.211 1.21
.. 8 14 0 1 0 2.46 0 0.266 0.279 0.96
9 0 5.15 0 2.35 0.294 0.288 1.02
10 ' 21.15 5.15 3.69 2.35 0.166 0.140 1 0 19
11 21,,15 2.57 3.69 1.17 0.181 0.167 1.08
12 3.53 1.29 0.62 0.59 0.530 0.431 1 0 23
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TABLE 1 Cont'd.
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Section: IP16/r L/rx : 34.4 cry (ave.): 2. 74 t/cm2
b: 13cm L/ry : 71
d: 16cm A: 49.6cm2
t: 1.5cm Ix: 2205cm4
~·t: O.Bcm I y : 549cm4
Test ex ey rnx my
p p Ptest
No,. Py Py Pfornula
em. em. (test) (formula 3)
1 15.36 4.50 2.65 2.63 0.163 . 0.154 1~O6
2 23.04 6.75 3.98 3.95 0.136 0.109 1.24
3 15.36 2.25 2.65 1.32 0.217 0.193 1 0 12
4 7.• 68 . 4.50 1.33 2.63 0.242 0.194 1.24
5 .7.68 6.75 1.33 ,3.-95 0.186 0.154 1.20
6 15.36 6.75 2.65 3.95 0.149 ·0.128 1.17
7 23.04 4.50 3.98 2.63 0.144 0.128 1 0 13
8 23.04 2.25 3.98 1.32 0.169 0.154 1.10
9 7068 2.25 1.33 1.32 0.353 0.260 l~ 36
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TABLE 1 Cont'd
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Section: IP16/I1 L/rx : 34 CJY(ave.):2.71 t/cm2b: lO.gem L/ry : 85
d: 16cm A: 44.36cm2
t: I.Scm Ix: 1874cm4
. w: a.8em I y : 324cm4
Test ex ey mx my P P Ptest
No. Py Py Pformula
em. em. (test) (formula 3)
1 15.58 3.72 2.95 2.78 0.170 0.142 1.19
2 23.57 5.58 4 .L~7 4.17 0.114 0.101 1.13
3 15.58 1.86 2.95 1.39 0.206 0.177 1.16
4 7.79 3.72 1.48 2.78 0.219 0.179 1.22
5 7,.79 5.58 1.48 4.17 0.165 0.144 1.15
6 15.58 5.58 2.95 4.17 0.120 0.119 1.09
7 23.37 'J.72 4.43 2.78 0.141 0.117 1.20
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\ Section: IP16/I1
b:' 9. gem
d: 16cm
t: l.Scm
w: a.8cm
TABLE 1 Cont'd
L/rx : 34
L/r : 91 'A: 41.03cm2
Ix: .17,16cm4
I y : 243cm4
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OY(ave.): 2.73 t/cm2
Test ex e' mx my P P PtestyNo. Py Py Pfor111Ula
em. em. (test) (formula 3)
'1 15.68 3.16 2.99 2.62 0.170 0.143 1.19
2 23.52 4.74 4.49 3.94 0.114 0.102 1.12
3 15.68 1.58 2.99 1.31 0.208 0.176 1.18
4 7.84 3.16 1.50 2.63 0.225 0.182 1.24
5 7.84 4.74 1.50 3.94 0.174 0.147 1.19
6 23.52 3.16 4.49 2.63 0.141 0.118 1.20
7 23.52 1.58 4.49 1.31 0.142 0.139 1 0 02
..
8 15.68 4.74 2.99 3.94 0.156 0.120 1.30 .
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TABLE 1 Cont'd
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Section: IP16/rV L/rx: 34 cry (ave.) : 2.67 t/cm2
b: 8.2cm L/ry: 114
d: l'6cm A: 36.0cm2
t: 1.Scm Ix: 1448cm4
w: a.8ern I y : 138cm4
Test ex ey rnx my P p Ptest
No. Py
,p i
Y Pformula
em. em. (test) (formula 3)
1 15.74 2.87 3.13 3.07 0.164 0.126 1.30
2 23.61 4.31 4.70 4.61 0.112 0.091 1.24
3 15.74 1.44 3.13 1.54 0.185 0.156 1.18
4 7.87 2.87 1.57 3.07 0.214 0.157 1.36
5 7.87 4.31 1.57 4.61 0.144 0.127 1.14
8 23.61 2.87 4.70 3.07 0.144 0.105 1.37
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TABLE 2
••
, .:",: ", TABULATION OF :TESTS. 8Y, 'KLOPPBL' AND WI~' ,. ,
Section: 110/10/0 L/rx: 48 ' <ry (ave.) :2.63 t/cfQ2
b: lOcm L/rA~ 83,d: 1Oem 26.8cra2
t: 1.,025clD Ix: 447cm4 '
w: O.75clD Iy: ,171cm4
Test ex ey mx m ' P l. Ptest,y
-No. Py Py Pforaula
em'. em. (teat) -(fcnu1a ,3)
l' 8.00 3,.00 2.39 2.36 0.194 0.166 1.l7,
2 4- 1.50 1.19 1.12 0.306 . 0.278 1.10
"
3 6 0 1.79 0 0.340 0.326 ,1.04 .
4 0 4.,50 0 3.,38 0.265 '0'.214 . 1.24 '
5 6 4 •.50 1.79 3.38 0.237 0.155 1.53
6 8 1.50 2.39 1.12 0.239 0.209 1.14
7 6 1.50 1.79 1.12 0.282 0.238 1.18 '
8 2 1.50 0.60 1.12 0.374 0.333' 1.12
9 2 3.00 0.60 2.25 0.272 0.242 1.12
10 4 3.00 1.19 2.25 0.,,247 0.212 '1.11
,'11 2 4.50 0.60 3.38 0.206 0.190 1.08
12 4, 4.,50 11.19 3.38 0.194 0.172 1.13 "'" "
1'3 ' 6 6.00 1".19 4.51 0.,158 ' 0.132' 1.19 ~#~
14 8 . 4'.50 2.39 3.38 0.152 0.142 1.07
,15 10 3·.00 2.99 2.25 '0.170 0.153 1.11
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TABLE 2 Cont'd
Section: 1PO/I L/rx : 49 OY(ave.):2.84 t/cm2
,b: 8.16cm L/ry: 102
d: lOcm A: 23.04cm2
t: 1.025cm Ix:
w: O.75cm I y : 92. 8cmL~
Test ex ey mx my P P Ptest
No .' Py Py Pfonnula
em. em. (test) (formula 3)
1 4.00 2.00 1.24 2.03 0.217 0.207 1.05
2 4 4 1.24 4.07 0.171 0.146 1.17
3 4 6 1.24 6.11 0.106 0.112 0.94
L~ 8 2 2.49 2.04 0.197, 0.164 1.20
5 2 4 0.62 4.07 0.161 0.160 1.01
6 2 2 0.62 2.03 0.246 0.238 1.04
7 2 0.50 0.62 0.51 0.396 0.372 1.06
8 4 0.50 1.24 0.51 0.341 0.302 1.13
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TABLE 2 C011t'd
Section: IP1O/II L/rx : 49 <Jy (ave.): 2.84 t/cm2
'b: 7.00cm L/r~~ 121d: lOcm 220.64cm
t: 1.025cm Ix: '
w: 0'.75cm I y : 58 •7cm4~
Test ex ey mx my P P PtestNo. Py Py Pfarmula
em. ern. (test) (fonnula3)
1 2.00 1.00 0.64 1.23 o.2i(~O 0.258 0.93
2 2 2 0.64 2.47 0.211 0.196 1.08
3 2 3 0.64 3.70 0.157 0.158 0.99
4 4 1 1.28 1.23 0.237 0.222 1.07
5 4 2 1.28 2.47' 0.183 0.174 1.05
6 4 3 1.28 3.70 0.154 0.143. 1.07
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TABLE 3
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TABULATION OF TESTS BY CHUBI{IN
Section: Properties (all tests)
b: 9. L}cm A: 30.6cm2
d: 18cm I y : 122cm4
t: O.68cm Ix: 1660cm4
Rolled Sllape
No. mx my P Average P Ptest Remarks
Py of p Pformula
(test) Tests (fouluJa ~)
1 0 0 0.890 3 0.925 0.963 oy = 2. 56 tlc~~~
aver.
2 0.5 0.5 0.599 3 0.480 1.24·8
3 0.5 1 0,521 3 0.387 1.346 Restrained
warping
4 0.5 2 0.430 2 0.279 1.541 L/ry =50
5 0.5 3 0.337 4 0.218 1.544
6 1 0.5 0.511 3 0.387 1.320
7 1 1 0.440 3 0.324 'I. 356
8 1 2 0.360 3 0.245 1.470
9 1 3 0.301 3 0.197 1.530
10 2 0.5 0.350 4 0.279 1.254
11 2 1 0.333 3 0.245 1. ,360
~ ~. i 12 2 2 0.292 3 0.197 1.484
13 2 3 0.267 4 0.164 1.624
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TABLE 3,Cont'd
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No. rnx my P p.,l,verage p Ptest Rernarks
Py of Py Pformula
(test) Tests (forrrula 3)
1 0 0 0.595 3 0.694 0.857 oy "'" 2 .53tL~
aver.
2 0.5 0.5 0.394 3 0.410 0.961
Restrained~
3 0.5 1 0.343 3 0.340 1.008 warping
4 0.5 2 0.276 3 0.254 1.087 L/ry=lOO
5 0.5 3 0.233 3 0.202 1.151
6 1 0.5 0.391 3 0.340 1.149
7 1 1 0.326 3 0.291 1.121
8 1 2 0.263 3 0.225 1.168
9 1 3 0.213 3 0.184 1.159
10 2 0.5 0.313 3 0.254 1.233
11 2 1 0.281 3 0.225 1.248
12 2 2 0.233 3 0.184 1.267
13 2 3 0.202 3 0.155 1.301
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TABLE 3 Cont'd
,-
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No'. mx my P Average P Ptest Remarl<s
Py of Py Pfarmula(test)
Tests (formula 3)
1 0 0 0.316 3 0.311 1.018 o-y=2.54
2, 0.5 o;.5 ,,' Jt-., 0.269 3 0'.237 1.135 (aver)
3 0.5 1 0.232 4 0.212 1.095 Restrd 9
4 0,.5 2 0.198 3 0.175 1.133 Wpg.
5 0.5 3 0.169 3 0.149 1.136 L/ry =
6 1 0.5 0.237 3 0.212 1.118 150
7 1 1 0.215 3 0.192 1.122
8 1 2 0.187 3 0.161 1.163
9 1 3 0.167 3 0.139 1.205
10 2 0.5 0.225 3 0.175 1.287
11 2 1 0.203 3 0.161 1.26,3
"12 2 2 0.178 3 0.139 1.285
13 2 3 0.139 3 I 0.122 1.143
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TABLE t6f
TABULATION OF TESTS BY CHUBKIN
Section Properties (all tests):
b: 12cm A: 34cm2
d: 12cm Iy : 288cm4
t: 1.0cm Ix: 809cm4
w: I.Oem Welded built-up shape
-20-
mx my P Average p Ptest OY (ave.) I/ry Remarks
Py of Py :Eformula(test) -- .... (forIIrula 3) t/cm2tests
1.38 2.30 0.313 5 0.210 1.49 2.47" 50 Warping
restrained
1.38 2.30 0.281 '5 0.210 1.34 2.47 50 Warping
f,ree
1.38 2.30 0.196 5 0.19'5 1.01 2 ..56 100 Warping
restrained
1.38 2.30 0.17,1 5 0.195 0.877 2.56 ,100 'Warping
free
